The corrosion resistance performance of mild steel in simulated concrete pore solution (pH >12) containing a) 0.5 M sodium Nitrite b) 0.2 M sodium citrate c) 0.4 M sodium benzoate inhibitors in 0.5 M NaCl solution contamination were evaluated by electrochemical studies. The observed inhibition efficiencies were compared with gravimetric method after 30 days of immersion, for inhibited and uninhibited system. The maximum inhibition efficiency of 0.5 M sodium nitrite +0.2 M sodium citrate +0.4 M sodium benzoate mixed inhibitor system was found to be 75%. The inhibition efficiencies for the mixed inhibitor system were compared with control and single inhibitor system. From these study it was found that the role of nitrite ion present in the mixed inhibitor system repassivated the mild steel that drastically reduce the corrosion rate even in presence of high chloride concentration.
Introduction
Rebar corrosion problem in reinforced concrete structure facing a serious threat due to deterioration of concrete structures due to; 1) Ingress of chloride near mild steel that reduce pH and destruct the passive layer, 2) Sulphate attack which causes concrete deterioration due to ettringite formation. Several researches are ongoing to mitigate this rebar corrosion problem due to ingress of chloride and sulphate attack on concrete leads to spallation. These studies are simulating rebar corrosion in concrete structure exposed to industrial and marine environment.
Valek et al. have studied 1 inhibition performance of mild steel in ascorbic acid in alkaline medium. The inhibition performance of ascorbic acid were analysed through polarization study. The study revealed that the inhibitor protect the mild steel cathodically. Ameer et al. have studied 2 inhibition performance of mild steel in organic inhibitors in alkaline medium. The results from potentiodynamic polarization showed that the observed corrosion current density I corr , decreases with increasing the concentration of organic inhibitors indicating a decrease in the corrosion rate as well as an increase in the inhibition efficiency of mild steel. Electrochemical impedance spectroscopy measurements and SEM confirmed this behaviour. Further the study revealed that the organic inhibitors protect the mild steel cathodically.
Florica and Co-workers have investigated 3 Inhibition performance of mild steel in phosphate coated steel by cathodic electrochemical treatment in alkaline medium. The inhibition performance of zinc phosphate coated steel were analysed through conducting potentiodyanamic polarization and electrochemical impedance studies, the above study revealed that the inhibitor protect steel surface effectively when compared to uninhibited mild steel rebar.
Ameer et al. 2 have studied inhibitor performance of mild steel in heterocyclic organic compounds in chloride contaminated alkaline medium. The inhibitions performance of heterocyclic compounds were analysed through conducting electrochemical study. The study revealed that the inhibitor protect the mild steel. The inhibition efficiency increase adsorption of inhibitor on steel surface. Nahali et al. 4 have studied the inhibition performance of mild steel in phosphate containing chloride contaminated alkaline medium. The inhibition performance of phosphate were assessed by electrochemical measurements and morphological studies were done to characterise the corrosion product using SEM and XRD.
Similar studies were reported [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] for mid steel corrosion in chloride contaminated alkaline medium by electrochemical studies and the inhibitors repassivated the steel surface and reduce the pitting corrosion. The present work is also focused on the evaluation of corrosion resistance performance novel inhibitor for mild steel corrosion in chloride contaminated alkaline solution.
Experimental
The corrosion behaviour of mild steel in chloride contaminated concrete pore solution of 0.5 M Ca(OH) 2 
Gravimetric method
The initial weight of the mild steel specimens was noted along with duplicate specimens for with and without inhibitors added system. The weight loss measurements were carried out after 15 days and 30 days of exposure. After completion of 15 days and 30 days of immersion the mild steel specimens were taken out, cleaned in Clarks solution (con HCl + antimony trioxide (Sb 2 O 3 ) 20 g + stannous chloride (SnCl 2 ) 50 g) and finally rinsed with distilled water, air dried and then the final weight was noted. From the weight loss, the corrosion rate in millimeter per year (mmpy) was calculated. Corrosion rate (mmpy) = 87.6xW/DAT Where, W = Weight loss (mg), D =Density of mild steel specimens (g/cm 3 ), A =Area of mild steel specimens (cm Inhibition efficiency added = corrosion rate of control system -corrosion rate of inhibitor Corrosion rate of control system
Tafel polarization method
Polished mild steel specimens of an exposure area (1 cm 2 ) was subjected to potentiodynamic polarization with scan rate of 1 m V/sec and ±200 mV away from open circuit potential value for with and without inhibitor added systems.
The potentiodynamic cell system consist of three electrodes; of these 1 cm 2 area of mild steel specimen served as working electrode, 2 cm 2 area of platinum foil served as counter electrode and saturated calomel electrode served as reference electrode. The experiments was carried out after 30 days of exposure of mild steel in chloride contaminated concrete pore solution containing with and without inhibitors added system. From the Tafel polarization curves E corr , I corr , ba,bc values were recorded and finally the corrosion rate (mmpy) was calculated from the following formula.
Corrosion rate (mmpy) = 3.2 x I corr (mA/cm 2 ) x Eq.wt / Density
From the calculated corrosion rate value the Inhibition Efficiency was calculated and tabulated, finally the corrosion behaviour of mild steel in inhibitor added system were assessed.
Electrochemical impedance spectroscopic technique
Polished mild steel specimens of an exposure area of 1 cm 2 was subject to AC impedance study with AC voltage in the range of 15 mv and the frequency in the range of 10 MHz-100 kHz for with and without inhibitor added system. The AC-impedance study were conducted for all the system using three electrode cell systems as in Tafel polarization study.
The impedance behaviour for various inhibitor system were obtained in terms of Nyquiste plot (Figure 4 & 5) . From the plots, change transfer resistance (R t ), corrosion rate (mmpy) and inhibition efficiency (%) values were calculated. Corrosion current I corr can be evaluated from (R t ) using Stern Geary equation.
I corr =b a b c /2.303(b a +b c ) x 1/Rt =K/Rt Where, b a = anodic Tafel slope, b c = cathodic Tafel slope, Corrosion rate = 3.2 X I Corr (mA/cm 2 ) x equivalent weight/density.
Surface morphological study by FTIR
FTIR studies were carried out for the corroded samples to characterise the nature of corrosion product appeared on the mild steel surface and understand the mechanism of corrosion protection.
Results and Discussion

Inhibition efficiency of gravimetric method
The inhibition efficiencies were calculated for control and various inhibitors added systems of mild steel in chloride contaminated concrete pore solution and reported in Table 1 and represented in Figure 1 . From the Table, it was inferred that in the case of control the passivity is heavily destroyed by aggressive chloride ions as indicated by the corrosion rate data. It was noted that all the inhibitors initially (after 15 days) showed inhibition efficiency below 45% but after 30 days of exposure, only the mixed inhibitors system (nitrite + citrate + benzoate) containing nitrite as one of the inhibitor maintained the passivity even in presence of high chloride concentration. 
Potentiodynamic polarization (Tafel)
I corr (mA/cm 2 ), corrosion rate (mmpy) and inhibition efficiency (%) calculated for various inhibitive systems were reported in Table 2 and shown in Figure 2 
Electrochemical impedance spectroscopic technique
Polarization resistance R ct (KΩ), corrosion rate (mmpy) and inhibition efficiency (%) were calculated for control and various inhibitors added system in mild steel exposed to concrete pore solution after 30 days of exposure and were reported in Table 3 . The measured R ct value for control system was 1.755 KΩ and the measured R ct value for control + 0.5 M sodium nitrite was 1.768 KΩ, the measured R ct value for control + 0.5 M sodium nitrite + 0.2 M sodium citrate was 1.760 KΩ and the R ct values for mixed inhibitors system was 3.229KΩ. The inhibition efficiencies calculated for (i) Control (simulated concrete pore solution +0.5 M NaCl), (ii) Control+ 0.5 M sodium nitrite, (iii) Control+0.5 M sodium nitrite + 0.2 M sodium citrate and (iv) Control+0.5 M sodium nitrite+0.2 M sodium citrate+0.4 M sodium benzoate were found to be 15%, 20%, 48% respectively. It is observed that ≈2 times increase in R ct value for mixed inhibitors (4 th system) in comparison with control (1 st system), Control+0.5 M sodium nitrite, (2 nd system) and Control + 0.5 M sodium nitrite + 0.2 M sodium citrate (3 rd system).
Among these the mixed inhibitors system showed the highest inhibition efficiencies, this was due to the synergistic action of nitrite with citrate and benzoate inhibitive systems. The corrosion rate in millimetre per years measured in all the studies were represented in Figure 6 . From the figure it is observed that similar trends is observed in corrosion resistance performance of these inhibitors on mild steel corrosion for all the techniques studied such as gravimetric, Tafel polarisation and AC-impedance technique. From these data it is confirmed that the role of nitrite on mild steel corrosion is very significant. Further the mixed inhibitor containing nitrite as one of the inhibitor significantly reduce corrosion rate synergistically; i.e inner layer containing γFe 2 O 3 followed by the chemisorptions of benzoate and citrate. From the above study it is confirmed that the following corrosion product; γFe 2 O 3 , aromatic carboxyl group and citrate. This confirmation on the mechanism of inhibitor over mild steel corrosion in chloride contaminated concrete pore solution gives the following conclusion; The destruction of passive film due to chloride ion over mild steel is again repassivated by the mixed inhibitors. The mechanism of these inhibitors is under synergistic action i.e firstly the nitrite inhibitor oxidise the steel to γFe 2 O 3 followed by the chemisorptions of sodium benzoate and citrate over steel surface protects the mild steel beyond γFe 2 O 3 film. 
Conclusion
From the above studies conducted the following broad conclusions were drawn; the mixed inhibitors containing nitrite as one of the inhibitor maintaining the passivity even in presence of high chloride concentration of 0.5 M NaCl.
The combination of nitrite ions with other inhibitors showed the synergism that enhanced the corrosion resistance performance of mild steel through repassivation, especially in the case of citrate, nitrite and benzoate mixed system.
The results obtained from gravimetric method confirm that after 30 days exposure of mild steel in control with nitrite and control with nitrite, citrate and benzoate mixed inhibitors systems showed maximum inhibition efficiency of 69% and 75%. The same trend was observed for Tafel polarisation and AC impedance studies.
The FTIR spectrum report revealed the mechanism of inhibitive action. The corrosion resistance performance of these inhibitors is under synergism i.e., firstly the nitrite inhibitor oxidise the steel to γFe 2 O 3 protective film formation followed by the chemisorptions of sodium benzoate and citrate over steel surface which protects the mild steel beyond γFe 2 O 3 film.. From all the studies conducted only the mixed inhibitive system showed highest inhibition efficiency of mild steel in chloride contaminated concrete simulated pore solution
